analysis of species-specific behavior may enhance the understanding of the evolution of closely related species. Species-specific acoustic components of the courtship behavior of drosophilids provide an excellent model system for the study of molecular ethology.
The courtship song of Drosophila is generated by extension and vibration of the males' wings. The most prominent feature of these sounds in the D. melanogaster subgroup is intermittent bursts of tone pulses and hums (1) (2) (3) (4) . The pulses carry information that enhances the females' mating behavior (2, 3) . Species-specific pulse information can be conveyed to the female in at least two ways. One way involves the interpulse interval (IPI), which averages about 30 to 40 ms in D. melanogaster and 45 to 55 ms in D. simulans (1, 4) . The second way is the modulation of the mean IPI, which occurs with periods ranging from 50 to 65 s in D.
5).
The period gene (per) in D. melanogaster influences several temporally dependent phenotypes (6) . The gene was first defined by the effects of per mutations on circadian rhythms. Mutant alleles shorten (pers), lengthen (per-'), or abolish (per"1) the circadian rhythms of eclosion and locomotor activity (7) . These mutations were shown to have parallel effects on the IPI modulation rhythm in the courtship song: perS males sing with 35-to 45-s periods, perLl, 75-to 95-s periods, and per0l males appear to be arrhythmic (3, 5, (8) (9) (10) .
Behavioral studies of D. simulans-D. melanogaster interspecies hybrids have mapped the species difference in song rhythm periodicity to the X chromosome (3), on which per is located (7) . Furthermore, deletion of the repeated Thr-Gly-encoding region within per by in vitro mutagenesis (11, 12) results in a D. simulans-like shortening of the song rhythm in D. melanogaster transformants (13 (12, 13, 16, 17) . Therefore, the 13.2s-TGs fragment and the two chimeric constructs can provide basic per function. In this context we also noted that D. simulans wild-type adults showed activity rhythms indistinguishable from those of wild-type D. melanogaster (20) .
Courtship songs were recorded and analyzed blind (21, 22) (Fig. 2) . Computer-simulated random songs (9, 10) and songs recorded from per`' males (3, 5, 6, 8-10) also have a preponderance of spectral frequencies in the 20-to 30-s range (6, 9) . However, the periodicities from the TGs transformants can be distinguished by analysis of their signal-to-noise (S/N) ratios (6) . In a recent study involving the songs of 23 per"' males (10) , only 4 gave significant S/N ratios. In contrast, of the 41 13.2s-TGs and 13.2m-TGs songs analyzed ( (Fig. 1C) , with oligo primers flanking the Thr-Gly repeat, generated DNA products consistent in size with repeat lengths ranging from about 17 to 24 ThrGly pairs (Fig. 1C) . The D. melanogaster amino acid sequence (Fig. 1B) 9) . Two of the D. simulans sequences are also illustrated (Fig. 1B) , one from the Kenscoff strain (24 Thr-Gly pairs) used in the transformation experiments, and one from the Australia strain (23 Thr-Gly pairs).
To investigate whether Thr-Gly repeat length variation affects the species-specific song cycle length, we examined the songs Table 1 ). The bottom row in the figure gives the mean IPI versus time plots (solid lines) and the best sinusoidal fits through the data (dotted lines), on the basis of nonlinear regression analysis (21) . These sine-wave based periods are similar to the principal frequency components observed in the CLEAN spectrograms, shown in the middle row, above each IPI versus time plot (Table 1) "mild" differences being functionally important (23).
This region downstream of the Thr-Gly repeat is variable between the species and among strains within species (Fig. 1B) , in contrast to the conserved region upstream of the Thr-Gly encoding region. This pattern is also observed when the per sequence of another D. melanogaster "subgroup" relative, D. yakuba, is compared (19) .
These experiments suggest that for D. simulans and D. melanogaster song cycles, perhaps four or fewer amino acid substitutions in the less conserved region of the per locus are responsible for the species-specific courtship behavior instructions encoded within this clock gene. Behavioral bioassays of in vitro mutagenized site changes within per of either or both species should clarify this situation.
Other transformation experiments implicate per in the control of the different circadian rhythm patterns of locomotor activity exhibited by D. pseudoobscura versus D. melanogaster adults (16) . Further scrutiny of the evolutionary constraints on this gene, with respect to both courtship song and locomotor behavior, may eventually determine whether per plays a role in drosophilid speciation.
